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A1OT1KNT1KA TOU HOONUOTOC
(2018-19)
= ALOAOKOVTEC
2 210ONnGg Zaxog

@ Apng Mayouptdng
= Metpog MNoTtikag

= BonBol dldaokaAiag
= Mavaylwtng Fpovtag
= Tavvne Mamoiwdvvou



A1O1KNT1KA TOU HoONuATOC
(2017-18)

» HUEPEG-WPEG
o Tpltn 17:45-19:30
o Mapoaokeur] 16:15-18:00

= |otooeAida:

o http://www.corelab.ntua.gr/courses/crypto

* BaOpoAoyiko oympa:

= Aoknoels (OEwPNTIKEG [ TIPAKTLKEG): 2 LOVADEG
-~ Epyoaocia (project): 2 povadeg



http://www.corelab.ntua.gr/courses/crypto

T1 €lval n Kpurnttoypodia

* Mo owotd: KputtoAoyia

= H teyvn NG «peTapIIleEONG» TNG TIANPOPOPLaG
(kpumtoypagpnan)

" .0AAQ KOL TNG ETTAVAPOPAG TNG OTNV APXLKT)
Lopdn (armokpurtoypa@naon)

" ,..0KOUT KOL XWPIG TO VOULUO KAELOI
(kpurttavaAuaon)

= ... KOl O)L HOVO: UNPLaKESG UTIOYPADE,

TouToToimon, Yndodopieg, aoPaAeiS
UTIOAOYLOMOL, YN dLako xprue, LOLwTIKa data



2nuaoia tnc Kpurtoypadiacg

" ACPAAELD ETILKOLVWVLWY
(OTPATIWTIKWY KAl Un)

= Acdaela [ OLEUKOAUVON GUVAAAQY WV

= Kpumtovouiopata

* NoulkeG edpappoyes (Undlaka cupoiala)
= AVWwVupia, TIPOCTOCLO OEQOUEVWV

* KOLVWVIKO-TIOALTIKEG TIPOEKTACELG (EAELOEpLQ
Aoyovu [ tumov, WikiLeaks, ymdodopieg,
KOLWVWVLIKA OlkTua)



H opopd1d tnc Kpumrtoypodpiloc

= YAottoinomn moAAWY GALVOUEVIKA AOUVATWYV
OTOYWV (ONMOCLO KAELOL, UNOEVLKT] YVWOT),
TILOTOTIOLNMEV AVWVUIQ, ...)

= Avarmtuén ANB0oug UTTIOAOYLOTIKWV TEXVIKWYV
Ko peBoodwv

* MaBnpatikeg amodeiéelc: n Bewpia aplBOuwyv
OTO ETILKEVTPO TWV TEXVOAOYLKWYV €EEALEEWV!



[poBepuavon: €va mpoBAnua

Moo Yndlo Asimer amod tov aplBpod

(amtoteAeiTaL ATIO 9 OLAPOPETIKA YnPia)



To nMpofAnua tou 2%°

XPELA(OMOOTE;

Mvetow oot oo




To nMpofAnua tou 2%°

[vetal ToV aplOuo;

(epwtnon amo PiBAio mpoeTolpaciag yio cuvevTeVEELG o€ ‘quant
jobs")




Mio mpwtn HOT1A: 10WWT1KOTNTA

Kputttoypadpnon ATIOKpUTITOYPA DT ON

Alice




Mio mpwtn HOT1A: 10WWT1KOTNTA

Kputttoypadpnon ATIOKpUTITOYPA DT ON

Alice




Mio mpwtn HOT1A: 10WWT1KOTNTA

Kputttoypadpnon ATIOKpUTITOYPA DT ON

\\[fes

" ... LE XPTION KOLVOU LOLWTLKOU KAELOLOU

icuiiETilKi Kiuntoiiai[al



Mio mpwtn HOT1A: 10WWT1KOTNTA

Kputttoypadpnon ATIOKpUTITOYPA DT ON
Alice Bob
m — c = E(m k) [N ﬂ m = D(c,k)
k C k
?7?
Eve ﬁ —

" ... LE XPTION KOLVOU LOLWTLKOU KAELOLOU
(OUUUETPLKN KpuTtToypadio)




Mio mpwtn HOT1A: 10WWT1KOTNTA

Kputttoypadpnon ATIOKpUTITOYPA DT ON
Alice Bob
m — c = E(m k) [N ﬂ m = D(c,k)
k C k
?7?
Eve ﬁ —

" ... LE XPTION KOLVOU LOLWTLKOU KAELOLOU
(OUUUETPLKN KpuTtToypadio)




Avon: Diffie-Hellman Key Exchange

= EmA€yovTaL: TIpwTog p, Kol

yevvnropag g me Z*, ={1,.,p-1},
yvwoTtoTtolouvtal o€ A Kal B.

= BoA: b¥=¢g"modp
(b: 1OLWTIKO KAE1OL TOV B)

= A—B: a*=gmodp
(@: 1OLWTIKO KAELOLTNGA)

m A: K=(b*)2modp=g"**modp
s B: K=(a*)? modp=g°®modp

UTTOAOYIOTIKO QTTPOCLTO VX

SOE oW
S0l oW



AIAKPITOX AOTAPIOMOX

AivovTtal: TTpwTOoC P, YEVVATOPAC g TG OUAdAC

Z*5={1, ..., p-1l}kal ae Z* . Znteital x = p -1.
a=g*modp

) EkTiunon: utroAoyIoTIKA OUOKOAO (0XI aTo P)

o EuvermiAuto yg «BavTtiko utrohovion



«MMuAwvec» tou DHKE

] YtoAoyLoTIKT) EUKOALX TNG VP WOTNG 0E OUVOUN
(mod p) aplBuov xIAladwv Yndiwy, pe ekBetn
XIALGO WV Ymdilwv

) YrtoAoyLoTikr] EUKOALQ EAEYYOU Kl EVPEON
TPWTWV oPLOWV PE XIALLOEG Undia

1 YrmoAoyloTtikr) OuokoAia eUpeoNG OLOKPLTOU
AoyapiBpou aplOpov pe xIALlaoeg Yndio aAAa
KOl TOU ATTAOVCOTEPOU TIPOPBAT uaTOG DIFFIE-
HELLMAN: (600évTtwv g* mod p kai g° mod p va
uTtoAoyLotei g%° mod p )



2" Auon: Onuoolo KAe1d1

Kpumttoypddpnon ATtok puTttoypadpnon

\\[fes

m—F C = E(m, p,) [N -
dnuoato Po C >
kAetdi tou Bob bve

= .. M€ xprion onpoaciou kKAELOLOU (KpuTttoypadia
Hovn¢ katevBuvonc), padi e amoAvTo LOLWTIKO,

m = D(CI Sb)

161w TIKO KAELS(
Tov Bob



Kpurt/¢la dnpooiou kKAei1d1ou / RSA

= Kputmttoypadio énpociov KAELOLOU KOTAPYNOE TNV

aVAyKN avToAAayn G KAELOLWV! ZtnpileTol otV UTIOPEN
OUVOPTNOEWV Hovr¢ katevBuvong.

" 2uvaptnoslg povng katevBuvong (one-way functions):
£UKOAO VO UTIOAOYLOTOUV, SUOKOAO Vo avTIoTpadOoUV

" Kpumtoouotnpoa RSA [Rivest-Shamir-Adleman, 1977]

© kputToypadnon:
© amokpuTToypddnon:

© Onuoolo KAELOL: e, n
© LOLWTLKO KAELOL:




I'IO(pd(SE'LV V{0, RSA [http://nmichaels.org/rsa.py]

7 ONUOOLO KAELSL (1° pEPOG) N =
d543be11021217€30589b4af796fac8f54a8905a4ddcd2007e2doos47d7b7s
1a1aa6odbsao8o545a4ee2b33a2a119cc7aa3ffsbo22d8g54eebsb72dieec
7cfrodfdc7947dagf49009c62begd8gfdazc71137bbdoogd3631bfa83bede
81a7bbc26189od2edd2fb2oasfocbgosb4obd5662c3c006634a7fcd7eae8
7a6d494e5fbg (hex)

= ONMUOGCLO KAELSL (2° HEPOG) e = 10001 (hex)

© LOLWTLKO KAELSOL:




[IAPATONTOIIOIHZH

B Aivetal ouvBeTog aplBuog n, Bpeite TOUG TIPWTOUG
TIAPAYOVTEG TOU:

123018668453011775513049495838496272077285356959533479219732245215172
640050726365751874520219978646938995647494277406384592519255732630345
373154826850791702612214291346167042921431160222124047927473779408066

5351419597459856902143413

33478071698956898786044169848212690817704794983713768568912431
388982883793878002287614711652531743087737814467999489

X

36746043666799590428244633799627952632279158164343087642676032




[IAPATONTOIIOIHZH

) EKTiunon: vriolovionika ouoronio (0x1 oto P)

) EuetriAuto ue KBavTIKO UTTOAOYIOTN




«MuAwvec» Tou RSA

] YToAOYLOTIKT) EUKOALN TNG VP WONG OE OUVOUN
(modulo p) aplBuov yAlddwv Yndiwv, e
ekBen xIALLOWV Yndiwv

) YTtoAoyLoTIKT] EUKOALQ EAEYYOU KOl EVPEONG
TPWTWV oPLOWV PE XIALLOEG Undia

! YTTOAOYLOTLKT) EUKOALOL UTIOAOYLOMOU
avtiotpodou a modulo n (a, N e XLALAOEG
Yndla) — pEcw aAyopiBuov EukAeion!

d TP OLYOVTOTIOMOoNG

i V4 l V4 i | |



2NUooia TMOAUWVULLKOU XPOVOU

1 'EXEL TOUTLOTEL JE TNV UTIOAOYIOTIKT] EVUKOAL

I Erutpemnel (cuvnBwg) tnv emiAuon TTOAU peyaAwY
«OTLYMLOTUTIWV» (ELCOOWV)

O MNMpaKTLIKA KO «XOVTPLKA:

oV UTTOPEIC VO TO YPAWELS UTTOPEIG KL VX TO
vrtoAoyioeig!




Id1wtikoTnTa otnVv mpaén

= >2uvnOng pneBodog
= XP1i0M TMPWTOKOAAWY TOUTOTIOMONG YL
eyKaBiopuon eMKOLVWVIOG

= Xprion kputttoypadiag OnUociou KAELOLOU (T.X.
RSA 1 DHKE) yio avtaAAoyn) LOLWTIKOU
OUMMETPLKOU kA£ld10U cuvedpiag (session key)

= Xprjon CUPMETPLKNG kpuTttoypadiag (ti.y. DES,
AES) yioe avtaAAoyr) 6€d0UEVWY

= Edappoyéc oe: HTTPS, SSL/TLS, S-MIME, ...



Mio mpwtn potid: Ynoypadec

Yroypadn EmtaAnBevon
Alice Bob
m—F M,y =S s) V(y,p.) =2 m
1OLWTIKO S, 0, 517,uo’c,no
KAELSi g K/l.{:'l& g
Alice Alice

" ... ME xprion ONMOociov KAELOLOU, ol |uE
amOAVTH LOLWTLKO, YVWOTO OTOV UTIOYPAdOVTA



Mio mpwtn MOT1A: TIPWTOKOAAQ

, t
= Tautomoinon/ CLZCI‘I‘;: >
[TioToTto (T] on ) response
talk .




Mio mpwtn MOT1A: TIPWTOKOAAQ

/ request R

= Tavutoroinon/ allonen
[lloTomtoinon " response
talk -

Commm e >

" ATOOELEELG YVWONG

&epw napay/on Tou N

r=x2 mod N

&
N

X': r=x"2 mod N




Mio mpwtn MOT1A: TIPWTOKOAAQ

= Towtomoinon/ . request
s N challenge
[TloToTonon —
talk a
€ mmmmmmmm e >

= Amoodeiéelg yvwong

&epw napay/on Tou N

r=x2 mod N

&
N

X': r=x"2 mod N




Mio mpwtn MOT1A: TIPWTOKOAAQ

= Mn ouveldnt petadopa (oblivious transfer)

&epw napay/on Tou N

r=x2 mod N

&
™~

X' r=x"2 mod N

\

= HAAikn dev &gpel av o Bob €paBe katLn oyt

I I ’ / V4 II |



Mio mpwtn MOT1A: TIPWTOKOAAQ

= Tor: VvWVUN TIEPLIYTOT OTO OLKTUO

= OTR: TILOTOTIOINMEVT LOLWTLKT] AVTAAAQYT
UNVULATWY, HE OUVOTOTNTA ATIOTIOINONG



Mia mpwtn MAT1a: TIPWTOKOAAQ

= Bulavtivol otpatnyol

retreat

vl )
- retreat




Mia mpwtn MAT1a: TIPWTOKOAAQ

= Bulavtivol otpatnyol

retreat

e
retreat




Mio mpwtn MOT1A: TIPWTOKOAAQ




Mio mpwtn MOT1A: TIPWTOKOAAQ

= Secure Multi-Party Computation:

© ao@oANG UTIOAOYLOMOG T (Xq, Xy, X5, X, Xc)



Mia TIpwTN HOT1A: TIPWTOKOAAQ
" TEYVIKEG VW VUHOTIOMNONG

Mixnets

Blind signatures
O UTTOYPAPWV UTTOYPAPEL «UETOUPLETUEVO» UNVULN



Mia TIpwTN HOT1A: TIPWTOKOAAQ

= Bjtcoin [Satoshi Nakamoto 2008]

Transaction Transaction Transaction

Owner 1's Owner 2's Owner 3's
Public Key Public Key Public Key

Owner 0's Owner 1's
Signature Signature

O
",
59,7
s

4
'

A\
Owner 1's Owner 2's Owner 3's
Private Key Private Key Private Key

37



2TOXO1l TOU HOONUaATOC

" Noa e€olkelwBoUpe e TIg OeEALWOELS
KPUTITOYPOPLKEG AEITOVPYIEG KO T TILO
OTMOVTIKA KPUTITOCUOTIOTO KOL TIPWTOKOAAQ

= No UTTOPOUME VO AVOAUCOULE TIG LOLOTNTEC TOUG
KoL TNV A0 PAAELX TOUG, OE OYEOT) KAL UE TLG
OUVATOTNTEG TOU AVTLTTAAOU

= NOl UTIOPOULE VO ETILYELPT|LATOAOYT)COUE [UE
aUOoTNPEO TPOTIO VIO TA TIOPATIOVW



MaOnuotika €pyaAeila

» Qewplo aplOpwyv

" AAyeBpa (YpappLkn Kat agnpnpévn)
* MBavotnteg

" YTTOAOYLOTLKT] TTOAUTIAOKOTNTO

[ToAAa evdiapepovTa avoryta mpoBAnuata Ko
Jeuata ylo mepautepw epevval



